The actions of prolactin (PRL) on target cells depend on the type of prolactin receptor (PRLr) predominantly expressed, particularly whether the long PRLr isoform is expressed. The aims of this study were to determine the cellular localization and the changes in expression of long and short PRLr isoforms in sheep ovary throughout the estrous cycle. Long and short PRLrs were localized mostly in the same ovarian cells. Maximum signal intensity, particularly for long PRLrs, was found in stromal cells surrounding primordial and primary follicles, and, for both PRLrs, in granulosa cells of preantral follicles and in luteal cells. Moderate signal intensity for PRLrs was found in theca cells of preantral to ovulatory follicles, and in granulosa cells of antral follicles up to the gonadotropin-dependent stage. Decreasing immunoreactivity to PRLrs was found in granulosa cells of gonadotropin-dependent to ovulatory follicles. For long PRLrs in particular, no signal was found in mural granulosa cells of gonadotropin-dependent follicles; for both isoforms, no signal was found in most granulosa cells of ovulatory follicles. In primordial to gonadotropin-dependent follicles, cellular localization of PRLr was similar on days 0, 10 and 15 of the cycle. Oocytes consistently showed positive immunostaining for PRLrs. Comparative RT-PCR analysis of long and short PRLr expression showed that the short isoform is evenly expressed throughout the estrous cycle, whereas the expression of the long form increases at the time of estrus and decreases at mid-luteal phase and at the onset of the follicular phase. Expression of long PRLrs was greater than that of short PRLrs on day 0 of cycle; expression of both isoforms was similar on day 10 and on day 15, long PRLrs expression was lower than that of short PRLrs. Our results indicate that in sheep ovary, the maximum responsiveness to PRL might occur during the preovulatory phase of the estrous cycle.
Introduction
Prolactin (PRL), a peptide hormone produced by the pituitary gland and extrapituitary tissues (Ben-Jonathan et al. 1996) , is a key regulator of reproduction in mammals, as demonstrated with the null mutant PRL receptor (PRLr) mouse model (Ormandy et al. 1997) . Male and female PRLr knockout mice exhibit multiple reproductive defects, and are infertile. In particular, homozygous females are sterile: they ovulate a reduced number of oocytes that are mostly immature; they show low fertilization rates, an arrest of embryo development, altered oviduct microenvironment and a uterus refractory to implantation. In addition, these females have a markedly reduced number of primary follicles in the ovaries, indicating that PRL is a key inducer of the onset of follicular development. PRL is a modulator of cell proliferation and differentiation (Ben Jonathan et al. 1996) , whereby it might play a role in ovarian follicular growth. In granulosa cells, PRL can inhibit or stimulate estradiol (McNeilly et al. 1982 , Tsai-Morris et al. 1983 , Jonassen et al. 1991 and progesterone (Veldhuis et al. 1980 , Jones et al. 1983 , Yoshida 1987 secretion respectively by activating distinct signaling pathways in a differentiation-dependent fashion (Russell & Richards 1999) . PRL acts in synergism with follicle-stimulating hormone (FSH) to stimulate granulosa cell proliferation (Roy & Greenwald 1988) and it promotes ovarian follicular development, which advances the onset of puberty in rats (Kawagoe & Hiroi 1989 , Peluso 1989 , Advis et al. 1981 . In the corpus luteum, PRL can be luteotropic in sheep (Denamur et al. 1973) and rat (Gibori 1992) , and, at least in rat, also luteolytic (Matsuyama et al. 1996) . Luteinizing hormone (LH) receptor expression is up-regulated by PRL in pseudopregnant rat corpus luteum (Bjurulf et al. 1994 ) and down-regulated in ovarian follicles of lactating rabbits (Kermabon et al. 1994) , which may account for the luteotropic and anovulatory effects of the hormone respectively. PRL exerts its actions by binding to specific membrane receptors. Long, short and intermediate isoforms of PRLr (Goffin et al. 1999) encoded by a single gene and produced by alternative splicing (Bignon et al. 1997) have been described to date, and are widely expressed in animal tissues. When reaching the target cell, one molecule of PRL binds to two molecules of PRLr. However, most experimental evidence has shown that only binding of PRL to homodimers of the long isoform can induce proliferative or differentiative cell responses. A few studies (Das & Vonderhaar 1995) have shown that binding to heterodimers, or to homodimers of the short isoform, silences the actions of PRL (Chang & Clevenger 1996 , Berlanga et al. 1997 , Perrot-Applanat et al. 1997 . Therefore, it is generally accepted that a correlation exists between being a target of PRL actions and the expression of the long PRLr isoform. To date, development-related variations in localization and expression of these two PRLrs in ovarian granulosa and theca cells throughout the estrous cycle have only been fully described in the rat (Clarke et al. 1993 , Nagano & Kelly 1994 . In red deer ovary, expression of the PRLr gene was localized to the corpus luteum and theca cells of follicles, with no variations throughout the reproductive cycle (Clarke et al. 1997) ; this suggests that PRL actions in the ovary might differ among species. The sheep is an ideal animal model for studying the actions of PRL on ovarian follicular development, since this species exhibits stable and predictable periods of increased plasma PRL concentrations during its annual reproductive cycle, that can be manipulated exogenously and correlated with ovarian follicular dynamics; in addition, sheep ovarian follicles are well characterized in terms of size, hormone responsiveness and state of granulosa and theca cell differentiation (Scaramuzzi et al. 1993) for in vitro studies. In sheep, mRNAs for long and short PRLr isoforms have been found in the ovary (Anthony et al. 1995) ; the isoforms only differ by the presence of a 39 bp insert at the beginning of the cytoplasmic domain of the short isoform, and encode the synthesis of 557-and 272-amino acid proteins for long and short isoforms respectively (Bignon et al. 1997) . The possible variations in the expression of long and short PRLrs, and their cellular localization in different follicle populations throughout the estrous cycle in sheep ovary, are currently unknown. Therefore, in order to elucidate the potential variations in cellular responsiveness to PRL in sheep ovary, we considered it of interest to localize PRLr isoforms in ovaries of adult ewes by immunohistochemistry, and to compare their expression by RT-PCR at three representative time points of the estrous cycle.
Material and Methods

Animals
Twelve adult, cycling, and non-lactating Merino ewes (Ovis aries) were used in this study. Animals were housed in the farm building of Instituto Nacional de Investigaciones Agrarias in Madrid (408 25 0 N). They were kept outdoors under a natural lighting regimen with free access to indoor facilities; they were fed grass pellets, commercial feed and hay, and water was freely available. All procedures followed the European Community Council Directive 86/609/CEE (18 February 1986) that regulates the protection of animals used in experimentation. In January, ewes were assessed for cyclicity by laparoscopy 2 weeks before the onset of the experiment. Estrous was then synchronized with two 125 mg cloprostenol injections (Estrumate 7, Essex Animal Health, Friesoythe, Germany) given 10 days apart. After the second injection, estrous was detected every 6 h, with the aid of vasectomized rams fitted with coloured harnesses. Ovariectomies were performed on days 0 (time of estrus; n ¼ 4), 10 (midluteal phase; n ¼ 4) and 15 (early follicular phase; n ¼ 4) of the estrous cycle. In brief, ewes were anaesthetized with a combination of ketamine (Imalgene, Rhone Merieux, France) and xylazine (Rompú n, Bayer). After laparotomy, ovaries were excised, longitudinally sectioned and immediately processed. Half of each ovary was processed for immunohistochemistry and the remaining two halves were immediately frozen in liquid nitrogen, and subsequently stored at 2 80 8C until RNA extraction.
Immunohistochemistry
Samples were fixed in Bouin solution for 12 h, then placed in 40% ethanol for 24 h and subsequently embedded in paraffin. Immunostaining was performed on 4 mm serial sections placed onto poly-L-lysine (Sigma)-coated glass slides, following a standard procedure; this comprised quenching of endogenous peroxidase, blocking nonspecific binding with 1.5% normal goat serum and incubation with primary antibodies against short and long rat PRLr (1:600, in blocking buffer) for 2 h, followed by 30 min incubation in secondary antibody (goat antirabbit immunoglobulins; Novocastra Laboratories Ltd, Newcastle upon Tyne, UK) and 30 min incubation in avidin-biotin complex (Novocastra Laboratories Ltd). After detection with diaminobenzidine (Sigma), sections were counterstained with haematoxylin, dehydrated, cleared and mounted with non-aqueous mounting medium (Permount; Fisher Scientific, NJ, USA). All incubations were done in humidified chambers at laboratory temperature.
Antibodies raised in rabbits against long (R118) and short (R133) rat PRLrs were kindly donated by Dr Ingleton (Institute of Endocrinology, Sheffield University, UK) and had been specifically produced against residues 309-325 and 281-296 of the intracellular regions of long and short rat PRLrs respectively. These antibodies had been previously tested to specifically recognize long and short sheep PRLrs by immunohistochemical and immunoblotting techniques (Tortonese et al. 1998 , Bispham et al. 1999 , Budge et al. 2000 , 2003 .
Sections of adult cycling rat ovaries were used as positive controls. In the negative control sections, incubation with primary antibodies was replaced by blocking buffer with normal rabbit serum (1:600), or blocking buffer or Tris buffer solution. Sections were analysed and photographed under the light microscope, and the intensity of positive staining within each slide was depicted as weak (þ), moderate (þþ) or strong (þþþ). No comparison of staining intensity was done between different tissue sections to avoid misinterpretations caused by slight differences in incubation times. Therefore, intensities of staining cannot be compared between days 0, 10 and 15 of the estrous cycle.
RNA extraction and comparative RT-PCR
Total RNA was individually extracted from the ovaries of each ewe, using a phenol-m-cresol method (Zabala & García-Ruiz 1989) in which incubation of nucleic acids with lithium chloride allowed elimination of DNA in samples. RNA (5 mg), random primers (1 ml, 0.5 mg; pd(N) 6 random hexamer; Amersham) and water were mixed up to a final volume of 7 ml, and incubated in a water-bath at 95 8C for 5 min. In blank control tubes, RNA was replaced by PCR water. Then, RT buffer 5£ (2 ml/sample), dNTPs (0.5 ml/sample, 10 mM; Amersham) and reverse transcriptase (0.5 ml/sample; AMV reverse transcriptase, 15 U/ml, USB Corporation, OH, USA) were added to denatured RNA samples (final volume 10 ml/sample) which were then incubated at 42 8C for 60 min in a water-bath for DNA synthesis. Sheep PRLr isoforms were amplified using the following primers: a sense oligonucleotide from the coding region common to long and short PRLr mRNAs (forward) 5 0 -CGATGCAAGCCAGACCATG-3 0 (þ640 to þ658) and two different antisense primers specific for long (reverse) 5 0 -TGGTCCTCACTGTCATCTAC-3 0 (þ1020 to þ 1039, 342 bp fragment, accession number AF041257, Bignon et al. 1997) and short PRLr mRNA (reverse) 5 0 -CAAGGCGAGAAGGCTGTG-3 0 (þ861 to þ878, 265 bp fragment, accession number AF041977, Bignon et al. 1997) . For amplification of ovine actin, used as control for internal normalization, primers used were:
0 -CATCTGCTGGAAGGTGGAC-3 0 (reverse) (þ145 to þ163, 161 bp fragment, accession number U08283, Bacich et al. 1994) . Oligonucleotides were used at a final working concentration of 12.5 pmol/ml. In each PCR reaction tube, DNA template (1 ml for long and short PRLrs, 0.5 ml for ovine actin), 1 ml sense primer, 1 ml antisense primer, 1 ml 10 mM dNTPs, 5 ml 10 £ PCR buffer, 6 ml 25 mM MgCl 2 , 0.5 ml Taq polymerase (10 UI/ml; Promega), 5 ml DMSO (only for short PRLrs) and PCR-quality water (34.5 ml or 29.5 ml for long and short PRLrs respectively) were mixed. Products of reverse transcription with no RNA, and PCR reaction mix with water instead of DNA, were included in each PCR run as negative controls. Sheep corpus luteum DNA synthesized from total RNA extracted simultaneously with experimental samples was used as positive control. After 5 min at 94 8C, amplification was carried out for 35 cycles of 1 min at 94 8C, 2 min at 55 8C and 3 min at 72 8C for short PRLrs -and 35 cycles of 1 min at 94 8C, 2 min at 52 8C and 3 min at 72 8C for long PRLrs -followed in both cases by 7 min at 72 8C, and temperature lowering to 4 8C, in a thermal cycler (Perkin Elmer, Gene Amp PCR System 2400). PCR products (16 ml/ sample) were electrophoresed in 2% agarose gel (Gibco) in Tris borate EDTA buffer. Gels were stained with ethidium bromide, and photographed under u.v. light. Photographs were scanned and the optical density of each individual DNA band was determined in a densitometer (GS-710, Calibrated Imaging Densitometer, BioRad). The identity of each DNA fragment was confirmed by automatic sequencing (ABI PRISM dye terminator cycle sequencing ready reaction kit, Perkin Elmer).
Statistical analysis
The optical density of each long and short PRLr DNA fragment was normalized by the corresponding optical density of each actin DNA fragment. Differences in normalized optical densities of long or short PRLr DNA bands over the three phases of the estrous cycle were then assessed by one way-ANOVA. One way-ANOVA was also used to compare mean normalized optical densities of long and short PRLr DNA within each time point (preovulatory, mid-luteal and early follicular phase). P , 0.01 or P , 0.05 was considered statistically significant.
Results
Cellular localization of PRLr in sheep ovary throughout the estrous cycle
We looked at the cellular localization of PRLr isoforms in sheep ovary on days 0, 10 and 15 of the estrous cycle with the aid of specific antibodies for long and short PRLrs, in order to find out if there were variations in their localization during estrus, mid-luteal and early follicular phases respectively. Representative photomicrographs of ovary sections immunostained with antibodies for long and short PRLrs are shown in Figs 1 and 2 respectively. Image analysis of tissue sections revealed that, apart from a few differences, long and short PRLrs were localized in the same cell types, which indicated their coexpression. Therefore, unless otherwise stated, we will refer to PRLrs. We found first that, in primordial, preantral and antral follicles up to the gonadotropin-dependent stage (4 -5 mm), the cellular localization of PRLrs was the same on days 0, 10 and 15 of the estrous cycle, when these follicles are invariably found. A consistent finding was that, regardless of the day of the cycle and the follicular developmental stage, oocytes exhibited positive signals for PRLrs. Interestingly, we observed remarkable variations in localization of PRLrs as follicles developed from the primordial stage to the attainment of the ovulatory size. Immunoreactivity for PRLrs appeared in stromal cells that surround primordial follicles, being particularly intense and even for long PRLr (þþþ) (Fig. 1A) . Even though pregranulosa cells from primordial follicles appeared to show immunoreactivity for PRLRs, the flattened morphology of these cells made this difficult to clearly establish; however, in primary follicles, once pregranulosa cells had differentiated into a single layer of cubical cells, most of them showed strong positive staining (þþþ) for PRLrs (Figs 1C and 2A) . PRLrs were localized in stromal cells that surround primary follicles during their migration towards the inner part of the ovarian cortex, with moderate (þþ) or strong (þþþ) intensity of staining (Figs 1C and 2A) . Long PRLr was more evenly localized than short PRLr in these cells. During the preantral phase of follicular development (from 1 to 10 -12 granulosa cell layers), granulosa cells uniformly showed the most intense signals (þþþ) for PRLrs in follicles with 2 to 5-6 granulosa cell layers, and moderate-intensity staining (þþ) in follicles with more than 6 cell layers, up to antrum formation. Also in preantral follicles, positive staining for PRLrs was seen in theca interna, from the time these cells became organized around granulosa (þ), which was coincident with the presence of 5 -6 granulosa cell layers, and increased (þþ) as theca interna cells proliferated to form a developed layer.
During antrum formation, both granulosa (þþ) and theca (þþ) cells were positive for PRLrs (Fig. 1E) . Once an antrum was formed, granulosa and theca cells were uniformly positive (þþ) until the follicles had reached about 2 mm in diameter (Figs 1F, and 2D and E) . Remarkably, as follicles grew beyond 2 mm in diameter, and in particular in 3 -4 mm follicles, theca cells remained positive (þþ) whereas granulosa cells exhibited decreased immunoreactivity for PRLrs, with predominant loss of signal for long PRLrs in mural cells (Fig. 1G ) and scattered signal loss for short PRLrs in antral and mural granulosa cells (Fig. 2F) .
PRLr immunoreactivity in granulosa cells decreased even more in ovulatory follicles ($ 6 mm, day 0 of the estrous cycle) where most antral granulosa cells had no signal for PRLrs (Fig. 1H) , and only some cumulus granulosa cells and theca cells stained positively for PRLrs. Luteal cells in the corpus luteum (day 10 of the cycle) stained positively (þþþ) for PRLrs ( Figs 1I and 2I) . Thus, maximum potential responsiveness to PRL occurs in stromal and granulosa cells at the initial stages of follicular development, and it becomes moderate in granulosa and theca cells during antral development, with decreased immunoreactivity to PRLrs in granulosa cells as the follicle grows to attain ovulatory size.
Expression of long and short PRLr isoforms in sheep ovary throughout the estrous cycle
We assessed whether there are differences in the expression of long and short PRLrs over days 0, 10 and 15 of the estrous cycle by comparative RT-PCR. We used total RNA extracted from the ovaries of each ewe; the results are summarized in Fig. 3 . There were no differences in the expression of short PRLr in the preovulatory, mid-luteal and early follicular phases of the estrous cycle. In contrast, the expression of long PRLr markedly increased (P , 0.01) at estrus, when compared with expression at the mid-luteal and early follicular phases. At the early follicular phase, long PRLr expression was even lower (P , 0.05) than in the mid-luteal phase. When comparing the expression of both isoforms on each day of cycle, we found that long PRLr expression was greater (P , 0.01) than that of short PRLr on day 0, similar on day 10, and lower (P , 0.05) on day 15 of the cycle. Even though the analysis performed is comparative, our results indicate that in sheep ovary long PRLr is predominantly expressed around the time of estrus; the results suggest that this might be the time of highest responsiveness to PRL. Representative results are presented in Fig. 4 .
Discussion
This study reports on the changes in expression of long and short PRLrs, and their cellular localization throughout the estrous cycle in the sheep ovary, the second species in which this has been described. Results indicate that the expression of each PRLr isoform is regulated independently. There were marked variations in expression of long PRLr, which predominated at the time of estrus, and similar expression of the short PRLr at the time of estrus, at the mid-luteal phase and at the early follicular phase. Cellular localization of PRLrs was most abundant in stromal and granulosa cells at the initial stages of follicular growth, it decreased in the granulosa cells of gonadotropin-dependent follicles, and was absent in granulosa cells of ovulatory follicles. Maximum potential responsiveness to PRL in sheep ovary occurs at the initial stages of follicle growth. The most intense localization signals were found in stromal cells surrounding primordial follicles and in those accompanying primary follicles during their migration, once development has begun. Ovarian stromal cells synthesize enzymes that cleave the extracellular matrix (Riley et al. 2001 , Song et al. 2001 , Kiziridou et al. 2002 . Some products of extracellular matrix breakdown induce cell migration (Wiseman & Werb 2002) , whereby stromal cells might modulate follicle mobility during early follicular development. It would be of interest to determine whether PRL influences this process by acting on stromal cells, which from our results appear to be highly responsive to PRL. Reported effects of PRL on the activity of these enzymes in the ovary are restricted to granulosa cells of preovulatory follicles, and are inhibitory (Yoshimura et al. 1990 , Murray et al. 1996 whereas in other tissues PRL stimulates the synthesis of plasminogen activator (Buckley et al. 1984 (Buckley et al. , 1985 .
Our results show that synthesis of PRLrs in granulosa cells takes place for the first time in primordial or primary follicles. Granulosa cells show the most intense signals of localization in preantral follicles, as in hamster (Roy et al. 1987) and rat (Clarke et al. 1993) ovary. Since granulosa cells are highly proliferative in preantral follicles, and PRL is a mitogen in granulosa cells (Roy & Greenwald 1988) as in other cells (Das & Vonderhaar 1995 , Olazabal et al. 2000 , the hormone might stimulate their proliferation at this stage to promote early follicular development, as reported in prepubertal rats (Advis et al. 1981 , Kawagoe & Hiroi 1989 , Peluso 1989 . In preantral follicles, PRLrs appeared in theca cells once they became organized in several layers. Then, during follicular development, PRL would first act on stromal and granulosa cells, and at the end of the preantral stage it could also exert its actions on theca, just prior to antrum formation. From antrum formation, until the follicle reached 2 -3 mm in diameter (gonadotropin-responsive follicle in sheep; Scaramuzzi et al. 1993) , PRLrs were evenly localized in granulosa Figure 3 Changes in expression of long (black bars) and short (grey bars) PRLrs in sheep ovary at three time points throughout the estrous cycle (preovulatory, mid-luteal and early follicular phase). Each bar represents mean^S.E.M. of four individual ratios of the optical density of amplified DNA bands for long or short PRLrs and its corresponding actin optical density. Optical density is presented in arbitrary units. Different letters denote significant differences (P , 0.01; P , 0.05). and theca cells. During this phase of growth, PRL might then act on both cell types, possibly modulating androgen biosynthesis in theca cells (McNeilly et al. 1982 , Magoffin & Erickson 1982 , and estradiol and progesterone in granulosa cells (Fortune & Vincent 1986 , Fortune et al. 1986 , Gitay-Goren et al. 1989 , Krasnow et al. 1990 , Villanueva et al. 1996 . Since androgens are the substrate for estradiol synthesis in granulosa cells, effects of PRL on biosynthesis of thecal androgens might represent an interesting modulator action of this hormone on the paracrine interaction between both cell types. Interestingly, as follicles grew beyond the gonadotropin-responsive phase to the gonadotropin-dependent stage (4 -5 mm), granulosa cells gradually lost immunoreactivity for PRLrs in a different way for each isoform. In contrast to the scattered loss of short PRLrs, decreased immunoreactivity for the long PRLr primarily occurred in mural granulosa cells, whereas antral granulosa cells were positive for long PRLr until the transition to ovulatory follicle. This finding is in agreement with the lack of PRLrs in mural cells of rat antral follicles (Dunaif et al. 1982) and is consistent with the occurrence of two granulosa cell subpopulations that differ in cell sizes and hormonal responsiveness (Rao et al. 1991 , Sanbuissho et al. 1993 . During follicular development granulosa cells differentiate into antral and mural cells; antral cells are larger than mural cells, are placed close to the antrum, appear to be involved in the synthesis of estradiol and progesterone, and lose their ability to proliferate earlier than mural cells. Mural cells are placed next to the basal membrane, keep their proliferative potential, and are poorly or not responsive to gonadotropins. Our results are in agreement with a different spatial distribution of two granulosa cell populations differing in potential responsiveness to PRL. Loss of long PRLr in mural cells makes them unresponsive to PRL, since formation of long isoform homodimers is required for PRL to exert its actions. This might represent a critical step of granulosa cell differentiation, when follicles reach the gonadotropin-dependent stage. The loss of PRLrs extended to antral granulosa cells of the ovulatory follicle where only some cumulus cells had PRLrs, along with moderate signals in theca. This particular feature might be a relevant part of the mechanisms of selection of the ovulatory follicle, if we consider that reported effects of PRL on estradiol secretion in granulosa are, in general, inhibitory (Krasnow et al. 1990) , and in sheep, plasma PRL levels increase during the follicular phase (Reeves et al. 1970) . Lack of PRLrs in granulosa cells of the selected follicle would guarantee sustained estradiol secretion from this follicle during the preovulatory phase, at the time of estrus.
Our results showed that, in general, both PRLrs shared the same cell localization, indicating their coexpression as in rat ovary (Clarke et al. 1993) . Therefore, in each cell, the relative expression of both isoforms determines the real responsiveness to PRL. As in earlier studies (Clarke et al. 1993) , changes in expression of each PRLr were determined on whole ovaries, not in individual follicles, for practical reasons since the time involved in dissection of individual follicles from all ovaries would have led to extensive RNA degradation. However, in Spanish Merino ewes the mean number of follicles of 2, 3, and 4-5 mm does not vary over the last 7 days of the estrous cycle, including the onset of estrus (Ló pez Sebastián et al. 1997) . This time interval comprises days 10 and 15 of the estrous cycle, when we obtained ovaries at mid-luteal and early follicular phases respectively. In addition, at estrus (day 0 in our study), a preovulatory follicle ($6 mm) continues growth in one ovary, along with a non-significant decrease in the number of antral follicles (Ló pez Sebastián et al. 1997) . All of this indicates that the variations found in the current study in expression of long and short PRLrs -over days 10, 15 and 0 of the estrous cycle -do not result from differences in the number of follicles of each of those developmental stages, but are changes related to the day of the cycle. The expression of short PRLr might be constitutive, since it was similar at the time of estrus, at mid-luteal phase and at the early follicular phase. In contrast, the expression of long PRLr exhibited remarkable changes throughout the estrous cycle, indicating that it is closely regulated by hormones and/or local factors. Long PRLr expression was up-regulated at the time of estrus, when PRLrs were abundantly localized in granulosa cells of all preantral and antral follicles up to 2 -3 mm, in stromal cells surrounding primordial and primary follicles, and moderately localized in theca of all antral follicles. Therefore, it can be hypothesized that at the time of estrus the expression of long PRLr might increase in these cells, possibly due to an up-regulatory action of estradiol, as in granulosa cells of rat in culture (Russell & Richards 1999) and in the mammary gland of estradiol-treated ovariectomized mice (Mizoguchi et al. 1997) , in which the expression of the short PRLr also remained unchanged. This would make preantral and gonadotropin-responsive follicles highly responsive to PRL at the time of estrus, when plasma concentrations of PRL rise in sheep. In support of this view, there is evidence that PRL might prevent early atresia of gonadotropin-responsive follicles during the follicular phase of the estrous cycle in Merino ewes (Picazo et al. 2000) . Provided that only binding of PRL to homodimers of the long PRLr has been recognized to mediate the actions of this hormone on target cells (ChangFrom our results we conclude that in sheep ovary, the potential responsiveness to PRL is at a maximum in stromal and granulosa cells at the initial stages of follicular development, is moderate in granulosa and theca cells of antral follicles, gradually decreases in granulosa cells and is lost in ovulatory follicles. The possibilities of potentially responsive ovarian cells being a target of PRL may increase at estrus, when long PRLr expression is markedly augmented.
